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A B S T R A C T
Toxoplasma gondii and Leishmania spp. are zoonotic protozoa of importance to animal and public health. The
present study aimed to assess for the ﬁrst time the seroprevalence of these zoonotic parasites in a domestic feline
population living in Luanda, Angola. One hundred and two cats were sampled at a veterinary medical centre,
from May 2014 to February 2016. The age of the cats ranged from 2.5 to 143 months (median: 12 months;
interquartile range: 7.5–24). Serum samples were tested for immunoglobulin (Ig) G antibodies to T. gondii at two-
fold dilutions of 1:20 to 1:2560 with a modiﬁed agglutination test (MAT) commercial kit. The direct
agglutination test (DAT) for titration of IgG antibodies speciﬁc to Leishmania spp. used a standard freeze-dried
antigen at a concentration of 5 × 107 promastigotes per milliliter, following a predeﬁned protocol. Two-fold
dilution series ranging from 1:25 to 1:800 were tested, with a cut-oﬀ titre of 100 chosen for seropositivity. Four
out of 102 cats (3.9%; 95% conﬁdence interval [CI]: 1.1–9.7) had antibodies to T. gondii: one had a titer of 20,
one a titer of 160, and two had a titer≥ 2560. No cat (0.0%; CI: 0.0–3.5) was found seropositive for Leishmania
spp. A statistically signiﬁcant diﬀerence was found between T. gondii seroprevalence and Leishmania spp.
seroprevalence (p= 0.043). The odds of a cat being seropositive to T. gondii increased by an average factor of
1.58 for each 1-year increase in age (p= 0.003). The sampled cats were well-cared animals and may not
represent the overall feline population of Angola at the national and city levels. The fact that only 12 out of the
102 sampled cats ate or had access to raw or undercooked meat and/or viscera may have reduced the likelihood
of ﬁnding seropositive results. Under these circumstances, additional studies, including a larger number of cats,
are necessary for a more comprehensive assessment of the zoonotic risk posed by these animals in Angola.
1. Introduction
Domestic cats live in close proximity to humans and can serve as
potential reservoirs for agents of zoonotic diseases. Among them, some
protozoal infections can cause pathogenic eﬀects in cats and are also of
importance to public health. Such zoonotic parasites include
Toxoplasma gondii (Dubey, 2010) and Leishmania spp. (Pennisi et al.,
2015), causing toxoplasmosis and leishmaniosis, respectively.
Toxoplasma gondii can infect almost all homeothermic animals, but
felids are the only deﬁnitive hosts of the parasite, playing an important
role in the spread of T. gondii by excreting millions of oocysts in their
faeces into the environment, if they acquire the infection (Dubey, 1997;
Dubey, 2010). Although quite prevalent in domestic and wild cats,
infections are generally subclinical. However, feline toxoplasmosis may
occur with interstitial pneumonia being the most common clinical
manifestation and one of the main causes of mortality. Ocular
toxoplasmosis in the cat is estimated to occur in about 75% of infected
animals and is frequently associated with systemic infection. Other
clinical manifestations include gastrointestinal and neurological
changes, hepatitis, pancreatitis and muscular hyperesthesia due to
myositis (Dubey and Carpenter, 1993; Hawkins et al., 1997;
Davidson, 2000). Infection in immunocompetent people is mainly
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subclinical, but in immunocompromised individuals and congenitally
infected children, toxoplasmosis may be the cause of high morbidity
and mortality (Belanger et al., 1999; Avelino et al., 2003). Since
seropositive cats are likely to have already excreted T. gondii oocysts,
serologic surveys for the detection of anti-T. gondii antibodies can be
helpful to determine the potential risk of infection in distinct geogra-
phical areas (Lucas et al., 1999; Miró et al., 2004).
Leishmania infantum is the agent of zoonotic visceral leishmaniosis,
with domestic dogs as its primary reservoir and phlebotomine sand ﬂies
as vectors (Quinnell and Courtenay, 2009). Detection of antibodies
speciﬁc to Leishmania spp. is an important diagnostic tool, with the
direct agglutination test (DAT) being suitable for the evaluation of large
numbers of serum samples in animals (Schallig et al., 2002; Vilhena
et al., 2014). The ﬁrst case of feline leishmanial infection was described
in a domestic cat from Algiers, Algeria (Sergent et al., 1912). Still in
Africa, epidemiological surveys in pet and stray cats and clinical cases
of feline leishmaniosis have been more recently reported from Egypt
(Michael et al., 1982; Morsy et al., 1988; Morsy and Abou el Seoud,
1994).
Despite the fact that both parasites have been found to infect
humans and dogs in Angola (Sabido et al., 1963; Martins et al., 1976;
Jimenez et al., 1994; Caeiro et al., 1998; Vilhena et al., 2014; Lobo
et al., 2016), no reports are known on T. gondii and/or Leishmania spp.
infections in cats from the country. Under this circumstance, the present
study aimed at assessing the seroprevalence of these two zoonotic
parasites in a sample of the domestic feline population living in the
Angolan capital and main city, Luanda.
2. Materials and methods
One hundred and two cats were sampled at a veterinary medical
centre in Luanda, Angola, from May 2014 to February 2016. Available
categorical data are presented in Table 1. The age of cats ranged from
2.5 to 143 months (median: 12 months; interquartile range: 7.5–24).
This study was ethically approved by the scientiﬁc council of the Vasco
da Gama University School as complying with the Portuguese legisla-
tion for the protection of animals (Law no. 92/1995 and Decree-Law n°
113/2013). Owners provided their signed informed consent for inclu-
sion of their animals in the study.
Serum samples were tested for immunoglobulin (Ig) G antibodies to
T. gondii at two-fold dilutions of 1:20 to 1:2560 with a modiﬁed
agglutination test (MAT) commercial kit (Toxo-Screen DA®,
bioMérieux, Lyon, France) according to the manufacturer’s instructions.
Positive and negative control samples, supplied with the kit, were
included in each plate. Results obtained with the MAT were expressed
as an antibody titre, i.e. the reciprocal of the highest dilution at which
agglutination (at least one half of the well’s diameter) was still visible
after 5–18 h incubation at room temperature. A cut-oﬀ titre of 20 (2 IU/
ml in relation to a World Health Organization international reference
serum) was chosen to maximize both sensitivity and speciﬁcity of the
test (Dubey et al., 1995; Lopes et al., 2008).
The DAT for titration of IgG antibodies speciﬁc to Leishmania spp.
used a standard freeze-dried antigen at a concentration of 5 × 107
promastigotes per milliliter (Academic Medical Centre, Amsterdam,
The Netherlands), following a predeﬁned protocol (Schallig et al.,
2002). Serum two-fold dilution series ranging from 1:25 to 1:800 were
tested. A cut-oﬀ titre of 100 was chosen for seropositivity (Cardoso
et al., 2010).
The Fisher’s exact test was used to compare seropositivity values
among categories of the same independent variables and a probability
(p) value < 0.05 was considered as statistically signiﬁcant. Exact
binomial 95% conﬁdence intervals (CI) were established for partial
and total seroprevalence values. Univariable logistic regression analysis
was used to identify risk factors for seropositivity, calculating odds
ratios (OR) and their 95% CI (Petrie and Watson, 2013). Analyses were
done using the StatLib and IBM SPSS Statistics 20 software.
3. Results
In accordance with the established cut-oﬀ value (MAT 20), four out
of 102 cats (3.9%; CI: 1.1–9.7) had antibodies to T. gondii: one had a
titer of 20, one a titer of 160, and two had a titer≥ 2560. On the other
hand, no cat (0.0%; CI: 0.0–3.5) was found seropositive for Leishmania
spp. A statistically signiﬁcant diﬀerence (p= 0.043) was found
between seropositivity to T. gondii and to Leishmania spp.
Statistical analyses revealed no signiﬁcant diﬀerences of seroposi-
tivity to T. gondii for categories within gender, breed, age group, hair
length, housing, ingestion of raw or undercooked meat and/or viscera,
contact with other animals and presence of clinical signs compatible
with toxoplasmosis and/or leishmaniosis (Table 1). By univariable
logistic regression, the odds of a cat being seropositive to T. gondii
increased by an average factor of 1.58 (95% CI: 1.17–2.15; p= 0.003)
for each 1-year increase in age.
4. Discussion
Information from Angola on T. gondii and Leishmania spp. infections
in animals and humans is scarce. The present sero-survey represents the
ﬁrst epidemiological study of T. gondii and Leishmania spp., two
important zoonotic protozoan parasites, carried out in cats from
Luanda and also from Angola. Other international studies corroborate
the results obtained for T. gondii infection. Also by using the MAT, low
seroprevalence ﬁgures of 9.3% (14/150) and 10.1% (35/348) were also
reported in domestic cats from Durango, Mexico (Dubey et al., 2009)
Table 1
Toxoplasma gondii seroprevalence in cats from Luanda, Angola.
Variable/category No. of cats
(%) tested
Percentage (n) of
positive cats
95% CI
Gender 100
Female 56 (56.0) 5.4 (3) 1.1–14.9
Male 44 (44.0) 2.3 (1) 0.1–12.0
Breed 95
Mixed 91 (95.8) 1.1 (1) 0.0–6.0
Deﬁneda 4 (4.2) 25.0 (1) 0.6–80.6
Age group 99
Juvenileb 49 (49.5) 0.0 (0) 0.0–7.2
Adultc 50 (50.5) 8.0 (4) 2.2–19.2
Hair length 101
Short 84 (83.2) 3.6 (3) 0.7–10.1
Medium or long 17 (16.8) 5.9 (1) 0.2–28.7
Housing 101
Indoors 37 (36.6) 2.7 (1) 0.1–14.2
Outdoors or mixed 64 (63.4) 4.7 (3) 1.0–13.1
Access to raw or undercooked
meat and/or viscera
101
No 90 (89.1) 4.4 (4) 1.2–11.0
Yes 11 (10.9) 0.0 (0) 0.0–28.5
Contact with other animalsd 96
No 20 (20.8) 5.0 (1) 0.1–24.9
Yes 76 (79.2) 3.9 (3) 0.8–11.1
Clinical status 101
Apparently healthy 88 (87.1) 2.3 (2) 0.3–8.0
Sicke 13 (12.9) 15.4 (2) 1.9–45.4
Total 102 (100) 4 (3.9) 1.1–9.7
CI: conﬁdence interval; ND: not determined.
a Comprising 2 Persian and 2 Siamese cats.
b [2.5–11.5 months].
c [12–143 months].
d Including cats, dogs, rodents and/or birds.
e Clinical manifestations and laboratory abnormalities compatible with toxoplasmosis
and/or leishmaniosis included: anemia, anorexia/hyporexia, cough, cutaneous lesions,
diarrhea, fever, leukocytosis, leukopenia, neurological disorders, ocular signs, thrombo-
cytopenia, weight loss and vomiting.
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and from Bangkok, Thailand (Sukhumavasi et al., 2012), respectively.
This low seroprevalence was attributed to low T. gondii positivity in the
local small animal populations. We cannot exclude that this can also be
the case of the present study. However, further studies are necessary in
other host species from Luanda.
Using an enzyme-linked immunosorbent assay (ELISA), Lobetti and
Lappin (2012) described a seroprevalence of 17.6% in 102 cats from
South Africa. We had previously found a 35.8% seroprevalence in
domestic cats from Portugal using the same serological test (Lopes
et al., 2008). More recently, also by using the MAT, considerably higher
ﬁgures of 85.4% (Tiao et al., 2013) and 91.7% (Dubey et al., 2013)
were reported in cats from Ethiopia, and of 95.5% in Cairo, Egypt (Al-
Kappany et al., 2011). Diﬀerences in the feline T. gondii seroprevalence
levels among countries may be due to ecological and geographical
factors, as well as to feeding and lifestyle of the studied animals, since
most cats from Ethiopia and Egypt roamed freely (Dubey et al., 2013).
According to Dubey (2010), factors aﬀecting the prevalence of T. gondii
in cats are not fully understood and need further investigation.
By using MAT and a cut-oﬀ titre of 20, antibodies to T. gondii were
found in 15.5% out of 103 dogs from Luanda (Lopes et al., 2014),
representing a statistically signiﬁcant diﬀerence to the present results in
cats (3.9%; p= 0.005). On the other hand, seropositivity of Leishmania
spp. in cats (0.0%) is in line with that detected in the same 103 dogs
(1.9%; Vilhena et al., 2014), since no signiﬁcant diﬀerence could be
found (p= 0.157).
Only three reports on human T. gondii infection are available from
Angola (Martins and Abranches, 1976; López et al., 1992; Lobo et al.,
2016), with no data available from animal species other than dogs and
now cats (this study). Seroprevalence varied from 71.5% in young
people aged 13–16 years old (López et al., 1992) to 27.3% in pregnant
women from Luanda (Lobo et al., 2016), complementarily suggesting
that 72.7% of women in childbearing age are susceptible to primo-
infection by the parasite. The climate of diﬀerent geographical loca-
tions aﬀects the transmission dynamics of T. gondii in the environment,
as oocysts cannot become sporulated, survive and remain infectious
without favorable conditions (Dubey, 2010).
No statistically signiﬁcant diﬀerent seroprevalence values could be
demonstrated for T. gondii among the categories within gender, breed,
age group, hair length, housing, access to raw and undercooked meat
and/or viscera, contact with other animals, and the presence of clinical
signs suggesting clinical toxoplasmosis or leishmaniosis (Table 1).
Although there were only a small number of seropositive animals,
these observations suggest that those categories would not represent
risk factors for T. gondii and that all cats are equally exposed to
infection. Similar ﬁndings were obtained by Bresciani et al. (2007),
Coelho et al. (2011) and Cardia et al. (2013), in cats from Brazil.
Nevertheless, seroprevalence of infection in domestic cats has been
found to vary with their lifestyle (wild, stray or domestic), age,
serological test used and geographical location (Gauss et al., 2003).
Cats of all ages, gender and breeds are susceptible to infection (Dubey
et al., 1977; Dorny et al., 2002). In the present study, the odds of a cat
being seropositive increased by an average factor of 1.58 for each 1-
year increase in age. It can be assumed that increasingly older cats have
had more chances to eat tissues of infected animals or to have contact to
the surrounding environment potentially contaminated with T. gondii
oocysts (Lopes et al., 2014).
A small number of human visceral leishmaniosis cases, some of
them presumably autochthonous (Sabido et al., 1963; Caeiro et al.,
1998) and one typed as being caused by L. infantum (Jimenez et al.,
1994), have also been reported from Angola. During the 1960s and
1970s, three cases of canine leishmaniosis occurred in imported dogs
and two other cases were presumed as autochthonous from the country
(Caeiro et al., 1998). More recently, two dogs presenting clinical signs
compatible with leishmaniosis were found seropositive to Leishmania
spp. in Luanda. One of the dogs had been imported from Portugal, but
the other one had never left Angola. This latter animal was also found
polymerase chain reaction- positive and conﬁrmed to be infected with
L. infantum by sequence analysis (Vilhena et al., 2014).
In the present study, sampled cats were well-cared animals and may
not represent the overall feline population of Angola at the national and
city levels. Studies in Europe have shown that cats receiving raw meat
have a signiﬁcantly higher risk of being seropositive to T. gondii
(Svoboda and Svobodová, 1987; Lopes et al., 2008). According to
Lucas et al. (1999), diets containing meat or raw viscera are predis-
posing factors of the infection. In the present study, the circumstance
that only 12 (11.8%) out of the 102 cats had access to raw or
undercooked meat and/or viscera may have reduced the likelihood of
ﬁnding more seropositive results. Under this circumstance, the sero-
prevalence of T. gondii and even that of Leishmania spp. might be
expected to be higher in other populations of cats from Angola.
In conclusion, this is the ﬁrst epidemiological study of T. gondii and
Leishmania spp. in cats from Luanda and Angola. Low seroprevalence
values were found, but the sampled cats may not represent the overall
feline population at the national and city levels. Additional studies,
including a larger number of cats, diﬀerent species of domestic animals
and wildlife, and also complementary molecular detection methods are
necessary for a more comprehensive assessment of the zoonotic risk
posed by these animals as potential reservoirs of T. gondii and
Leishmania spp. in Angola.
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